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Dr. Wikoff is a toxicologist and risk assessor with ~15 years professional experience.
She has performed evaluation of human health hazards and risks associated with a
wide variety of consumer products, food ingredients and additives, pharmaceuticals,
and industrial chemicals. Dr. Wikoff is also a practitioner of systematic review and
evidence-based methods applied in the fields of toxicology and risk assessment.
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+ National Academies of Sciences Panel Member and Presenter, Co-Author WHO Guidelines for Systematic Review
»  Associate Editor ~ Toxicological Sciences (Systematic Review), Regulatory Toxicology and Pharmacology

+ Evidence-Based Toxicology Collaboration (EBTC)

o Board of Trustoes

* Vice Chalr, Scisnce Advisory Commities

 ERTEFSA Workshap - Mechanistic Bata in Systematic Review {4QFs}
o Siudy Validity Project Lsad

Add stats on pubs, etc?
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Dr. Jonathan Urban is a board-certified toxicologist > 10 years experience
studying and evaluating the potential health effects of a wide range of chemicals
of concermn (e.g., halogenated aromatic hydrocarbons, solvents, pesticides,
metals, hazardous air pollutants), food-related compounds, and consumer product
ingredients and contaminants. He is currently supporting the ToxStrategies’ efforts
developing and applying systematic review methods to the chemical risk
assessment process.

Expertise in Toxicology, Risk Assessment and Systematic Review

* Primary lead or contributor on the development and registration of multiple
systematic review protocols, as well as peer-reviewed publications

« Studied, refined and applied risk of hias and other data quality tools (e.g.,
OHAT RoB, TSCA, SciRAP, ToxRTool) in application of chemical risk
assessment

* Member of Scientific Review Panel for the National Library of Medicine’s
Hazardous Substances Databank
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To present findings of a series of exercises carried out by ToxStrategies which were to
designed to systematically evaluate whether or not the overall body of evidence
suppoerts an association between in ufero TCE exposures increase risk of congenital heart

defects (CHDs) in humans
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1. Background on systematic review and the application to the TCE-CHD hypothesis

2. Systematic evaluation of human and animal evidence streams relevant to TCE-CHD (Wikoff et
al., 2018)

3. Systematic evaluation of mechanistic evidence stream relevant to TCE-CHD (Urban et al,
submitfed)

4. Recent Department of Defense (DoD) systematic review of TCE-CHD evidence base
Overall Conclusion

6. Questions
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Problem Formulation

Conducted systematic svaluation of the body of evidence for TCE-CHD by integrating:

1. Human and animal {(Wikoff et al. 2018)
2. Mechanistic (Urban ot al., submitted)
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To avaluate the internal validity {via
Risk of Bias, RoB}, as well as other
data quality elements, in the human
and experimental animal evidence
base specific to TCE-CHD and to
integrate such into the development
of hazard — and risk- based
conclusions

Approach:

NTP OHAT Guidance for Systematic

Review

« dlost complate/fing! guidance
avallable at the tims

fuswsionent sing
Eviduace titegtotion

» Systerassic Sreview aod
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In humans and experimental animals, is in ufero exposure to TCE associated with
CHDs?

Population: human andior axperimental animals
- Exposure: trichicrosthyiens vig oral ingastion or inhalation
- Lomparaton controls where TCE exposure was absant

- Qutcoms: CHDs including defects of the valves {mitral, ricuspid, puimonary, and
acrtic), arteries {sorta and pulmonary, including the transposition of major arteries),
¢ vanirouian

chambers (atrs and ventriculan), and septa {(alrial, ventricularn, and atrie
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Utilized Makris et al. (2016) to
identify studies prior {0 2015

Handsearching of othar reviews

Conducted updated literature
search in PubMed & Embase
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Ao Gusgtion
Was admini d ose or exposure favel ad taly rand
Q1 2. Was the the administered dose or exposurse adequately randomized among animals?
Sefection b, Were contral and dose grougs run concusrently?
az Was silocation to study groups adeguately concesied?
) Did selection of stuty participants resull in appropriate Compas iso:

Confounding (8 253 E i
Were experimental
Was the same

anditions igentical across study groups?
ride used in aff study groups?

Parformance

Were the research parsonnel and human su wiinded te the study group during the

a6
. study?
Aitrition/ . . - . .
Exciusion (e} 4 Were outcoma data completa withaut attrition ar exclusion from analysis?
hdon : e
o8 3, Was test article purity reported? Animal
i b, Was test article sofution concentration and stability reported? Apmal
Detection <. Was test article administerad consistently across groups?
W : %
o8
b, Woare the mutcome aszessors adequately biinded
Sefective " 15
’ o Were all measured outcomes reported? Antial &
Reporting Human
N . . - Anismal &
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Studies evaluated in two groups based
on direciness:
1. Direct evaluabion of TCE and
CHD
2. Mo specific evaluation or repart
of TOE-spenific exposures

arand ek el {232}
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TOE exposures and CHD” (Makris ef al.. 2078}

Initial confidence ratings ranged
from moderate to very low

Confidence further decreased by:

- andior ™

Rasulted in “very low” to “low” level
of confidence

Consistent with OHAT
methodology, evidence receiving
“very low” confidence ratings
should not be used to develop
conclusions regarding the potential
for health effects
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“The conwnitiee is aware that the dala or this end point has been controversial, but found
the emphasis on one study fo be conlrary 1o systematic review best practices” —
NAS, Comments on DOD GEL (2618}

“When appropriais, the committes suggests DOD consider performing dose-
response meta-analysis fo derive a composite POD for an end point of inferest. A
composite POD danved from mela-analyses is based on data from mulliple sfudies, which
helfps o reduce uncertainily asscociated with use of a POD from a single sfudy and can
increase the overall power fo detect an association.” — NAS, Comments on DOD GEL
2018

‘Regardiess, a risk of bias assessment should be conducted on studies that are
used by EPA as primary data sources for the hazard identification and dose~
resgonse assessment - NAS, Review of £FPAs IRIS Process (20714}

“The risk-of-bias assessment can be used (o exclide studies from a sysfematic review or
can be incorporated qualiiafively or quaniiiafivaly info the review resulfs 7 NAS, Review
of ERA’s iRIS Process (2014)

“.. the risk-of-bizs assessment can be included in the process for sefecting studies
for calculating foxicity values or in the uncerfainty analysiz.” — NAS, Raview of EFA's
RIS Process (2074}

L

Mo of TOE-CHD andmal studies

3

ncludes
muitipie

high quality
studies

Johnsen
ot g

1 x/ (2003}

study
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Results of Wikoff et al. (2018) RoB suggest that inconsistency can be explained by
methodological differences:

*  High risk of performance, detection, selection, and other (statistical) bias
f consistent vahicles across control argi dose
o assessmant method, and peoeling of non

, unceariainty in

- Zpecifizally lack of concurrant controls, laok o
axposures, use of unlgue and unvalidatad ou
groupn daw, etn.

irrent control

Genetic drift has been proposed as a possible explanation butis not supported by the data

» Mo supporting citations provided by authors that have propesed this as an explanation (Makris el al., 2018, Runyan
et al., 2019)

o« GLP studies (Fisher gt al,, 2001, Camey et al., 2008} designed to examine TOE-CHD hypothesis were conducted
within a few vears of Johnson et al. (2003), not 1-2 decades after

o ncidence of common CHDs (e.g., V3Ds) in conirel Sprague Dawley rats is consistent across multiple breeders
located on muliiple continants ovar several decades (DeSesso et al, 2018)

- Cardiac development is highly conserved across vertebrate species and unlikely o be affected by genetic driRt

ED_006308_00000466-00020
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o Johnson et al, (2003) is & high RoB study and not reliable for hazard characterization or Tor development of
noncancer toxicity values, Inconsistent findings of Johnson ef al. (2003) can be explained by limitations in study

design and reporting
- High risk of bi
and not suita

ia for selection as a candidate dataset in developing health-hased benchimarks

inconsistency, and lack of reproducikility render this study not reliable for hazard characterizetion

«  Human and animai evidence streams do not support a relationship between in wiero exposure fo TCE and deveioprent of
C

Ds
- CHDs are not 2 suitable end point for risk assessment

Mote: Wikof et al. (2018} analysis does not account for recent GECD Guidsline rat drinking water study (DeSessc ef &, 2018} that found no

association between in sterd TOE exposure and deveinpment of CHDs However, the resuits of DeSesso et ol (2018} (no increased CHIL

animals} would not affer Wikoff ot al. (2018} conelusions. PY
o

viddence of an
CE-trpated
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+  Results from previous assessment (Wikoff et al,, 2018} do not suggest the need {0
evaluate the biclogical plausibility of TCE-CHD as part of a risk assessment

*  However, mechanistic literature has been cited as justification for utility of Johnson et
al. (2003 and, therefore, ToxStrategies undertook an effort to systematically review
the mechanistic evidence stream

Objective: To conduct a systematic evaluation of the mechanistic data refated to the TCE-
CHD hypothesis, and building on Wikoff ef 3l (2018), o infegrate the synthesis of Hhis
aevalualion info that of the human and animal evidence streams

ED_006308_00000466-00024



TR RO
ER RN

identify evidence base
Evaluate study guality
- OPPT TS8CA SR study guality metrics for in vitro and in vivo studies

- Select datasets also assessed using other in vitro tools (SciRAP,
ToxRTool

Mutltiple levels of data integration
1. Within the mechanistic evidence
2. Combined mechanistic, animal, human

Mechanistic evidence conclusions integrated with human and animal
evidence streams per NTP-OHAT framework
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= 22 published studies
= 71 individual experirmental datasels

- 1-7 datasets reported in each study
« Highly heterogenous study designs

- Many study designs/model: majority (50 of 71} conducted in ovo or in vilro, but also ex vive, ex
ovo, in vivo and recombinant zebrafish experiments

- Multiple species:
s invitro studies were conducted in cell models from a wids varisly of mammalian and non-

mammalian species {ral, human, chicken, mouss, bovine, zebrafish)

- Endpoints: ranged from molecular {e.9., gene expression, protein interaction), celiular {e.g.,

morphology, funclion), organ {e.9., structure, function), and 1o organism {e.g., viability)
« Findings (a.g., aclivily, lack of activily) and response directions were variad across the evidence
base

ED_006308_00000466-00026



Table 1. § y of data quatity metrics for TCE-CHD ]

evidence base

% TCE-CHD assays
Ng, of assays refevant to 21 Assay weeting all O¥PT weeting all DEPT
Referencs TCE-CHR study suality wetrics? study spuality metrics
v et dl. (2016) 6 {zebrafisk) Yes (G of 8) 100%
Drake ot . (2006a) 4 (in ove) Yes (4 0f 4) 100%
Preadee et al {2006h} 3 (i ovo)y Yes (4 of 4) 100%
i al. {2014) 4 {in vitro - human) Yes {4 of 4} oy
Saitlenfait et o). (1995) 2 (ex vivo - raf) Yes (3 of 3) 100%
i et al, (2006} 2 {ex ove) Yes(20f2) 160%
Caidweli et al, (2010} 2 (in vivo - mouse) Yes (1 of 3) 3%
Boyer of . (2000) 3 (5 vifro - chicken) No 0%
Bross ot al. {1983) 2 {in ovo) No 0%
Caidwell et al. (2608} Ne %
Collier ef al. (2003} No %
Elavaura et al. (19793 No 0%
Harris et al, {2G18) No %
2 (it ova)
Loghes cf sb. (1948) { {in ovo} No %
Makwana et &), (2030) 3 (i ova) No 0%
Makwana cf al, (2013 2 {in ovoy No 0%
Ou et al. (2003) 4 (in vito - boving) Ne %
Patbykin et al. (203 1) No %
Rufer et &b (2010) No 0%
Setmin ot al, {2005) No 0%
Selomin et al. (2008) (1 - Mouse) Ne %
Sehmin et at. (2014} 1 {ex ovo} No %
2 {m witro --rat)
Totul (22 References} 74 Aysays 7 References, 24 assays 34%
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1. MHazard-bassd Does the mechanistic evidence on
its own suggest CHDs are a potential hazard
associated with gestational exposures to TCE?

2. AQP-based. Doss available mechanistic evidence
inform the biclogical plausibility of TCE-CHD?
istic envidencs bass nsulf 5 develop

st al, 20481

+  Rachar
oA (v

3. Risk-based: Do any of the mechanistic studies
provide a dose-response datasets that should be
considered as candidate studies in developing
toxicity values?

@ Hurman
@ Animal

achanisic
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« Mixed findings in the few datasets that both characterized CHDs (or an endpoint
similar to the apical outcome) and weare considered to be reliable (see box)

» Positive findings in “unreliable” studies generally limited to chicken embryo
madel (e.g., CHD in ovo, reduced heart functionality in ovo), but were not
consistent across studies

- Mo effect on felal viability {Pon-specific to cardiodeve
2010)

giment} in rice {Caldwell at at |

| Conclusinng:

Lo Bindings ot studlies eharacianizing sodpoints similae t the amonl niarome i emlirvonia

| & inconaistentiy RUgnested the notentiol for havard) parliculany i noo-mammizian
mode hewever thesh mncelohave livlled tevigrs mabiitv fabive e Be dlldiv imetings
incided frrelevant nutes (a0 inisctings of PRM TIZE Sarnwilations difsoliy inlo the alr
sacivolky ncopsistent doge respoiise, funtamental differendis n cordiae motphoiogy

; {Sen sunsenuont GIecuSaion on nroiyd roleyanne)

L Ghven The dack of in vive avian datas combined with invonsistont findings and

 ameartuinties i e inditeciness of the in ovo siidy madel no conclisiong can be

drawn regarding the potential for harard in bumans from these data

Slunrscy ot Balidile Asshusg
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Mammalian models limited to human ESCs (reduction in differentiation and cardiac-like functions: Jiang et al., 2006) and rat ex
vivo (no cardiac effects in whole embryo cultures: Saillenfait et al., 1995) studies.
Non-mammalian models reported altered cardiac tissue development (in ovo/ex ovo: Drake et al., 2006b; Mishima et al., 2006)

or more general altered cardiovascular development (zebrafish: Wirkbisky et al., 2016).

UNRELIABILE STUDIES
In ovo experiments reported increased CHDs (Loeber et al., 1988; Rufer et al., 2010) and reduced heart functionality (Rufer et
al., 2010; Harris et al., 2018) following single TCE injections ranging in concentration from 1.3-13 ppm; other in ovo studies
(Elovaara et al., 1979; Bross et al., 1983} did not report cardiac defects after injections of considerably higher administered TCE
concentrations

Mammalian models More relevant models in mammalian systems did not include observations on cardiac function or structure
(Collier et al., 2003; Caldwell et al., 2010; Palbykin et al., 2011), rather were designed to identify changes in fetal heart gene

expression.
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The putative ADP posited by Makris et al. (2018} was usad to organize available mechanistic dala,
allowing for an evaluation of the biclogical plausibility of a response in humans:

Chemical farul Celt /
intiator(s) Svent® Ganomict

£ ¢ Poputstion }

4. Ercassive cels undesgo

transivien (T}

Increased CHD
sates

OR

*Matkris et al. {2018} note there s no MEL in tnis ADP, but specutate on subsequent XE, suggesting phrn-ERH system could “be of high relevance”
Currently there are no TCE/TCE metabolite data that indicate & potential ME! or subsequent KE for this theoretical paitiway

o
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Human

Rabbit
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itEACE

Chicken
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s T o

Zebrafish

Suggestive evidence limited to
experimental assays in bovine
cell line and chicken models

Chicken model provides
strongest support of putative
AOP for valvulo-septal defects;
- hoken most sensitive

apecltes last

Study quality metrics were
consistently met only in studies
evaluating responses at the
tissue level (altered cardiac
cushion cellularity)

- Lower igvels of hiol
anizaton less
bighay organ

foviels
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Event {MIE}
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Cell
/ F é / Tissue Organ Organism PFopulation
P P Response Re:

Human

Mouse

Rat

ivo studies report
Fotal heart gene dafa, but
Io affecis on known
lcardiac development
lpativiays

SR

Rabbit

Bovine

Chicken

Zebrafish

Data in humans are insufficient,
limited to ESC viability and
inconsistent and weak
epidemiclogy studies

Findings in mammalian models
are negative for CHDs in vivo,
and genomics/gene data are
inconsistent and not anchored
to adverse effect

Data in nen-rmamrmalian model
(zebrafish) limited to genomic
and survival data, neither of
which support AOP

Study quality notably higher
across these studies than
those comprising “suggestive
evidence”
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Kay cbssrvations:

1. Approximately half of the avallable datassets (38 of 71) wers considered {o be relavant to the putative ADP, of
which less than half (17 of 38) met study quality criteria (i.e., were reliable}

2. Chicken embryo appears to be a uniquely sensitive model for TCE-induced CHID, as assays in chicken embryo
models {in ove, ex ave, i vilro) are the only studies which demonstrate activity that would support the plausibility
of an effect

- Majority of evidence supporting the plausibility of TOE-CHD in chickens was considerad to he unreliable; only key
event that could onsidered 1o have consistent findings based on retiable stucies was altered EMT parameters
Utility of in ovo modsd is imited in risk assassment: consistent with othar evaluations (e.g., Koustas atal., 2014}

3. RMost of the svidence from mammalian modals directly contradict the putative AGP
- Data in hurnans, ming, rats, and rabbils do not support the plausibiiily of OHD a3 & resull of By wisro TCE exposure

Conclusion: The A0 hased synthesis demonsirales 5 lack of biclogical plausibility
for CHDs sescciated with TUE evposure in humans (hoiioh belns fo identity
sheciesimode] sensitivities I chickens)

Yok
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Several ocbservations were notable when evaluating genomics studies:

®

2

3

Frequently cited in support of mechanistic pathways that provide biclegical plausibility for TCE-CHD (Runyan et al,
2018}

Most genomics data reported from University of Arizona laboratories

Raported signals/findings are inconsistent across studies/species (both type and number of altered genes)
Linceriainty in the strength or specificily of findings: only one of many probes ars altered for & gane

Available dala demonstrate that TCE does not alter cardiodevelopmental galeway genes (e.q., gata, nlx2.5, wnt,
handt, eic.)

Pathway analysis findings do not implicate adverse effects on cardiac development

Conclusions: The oonsistency of the genomics data combined with the absence of o
relevant nhenotvnic sffect Canchor 'y In mammalian models dack of CHDS) sionificantly
fimiis the oty of these dals for informing the notential biological plausibility of TEE ORI
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et condains sufficikent information to
sing & range of endpoint ivpes -
siac function and structure; and

Few datasats
characte
.., biom
organism viability}

Limitations in generaiizability/directness (qualitative and quantitative implications)
1. Dose uncertainty

2.

3. Species and biclogical differences
- I ol

Lonciugions:

+ o Medabl gbeende of siviinice) Enpdedue and mogeling tocds (e g0 i ovo by hiuman PEBRIC I diiodoad wivo extieoniating)
netessany i develon uiantitative human exposurs salimates With uny Gedalmidimm meschanivtc studies

v The onmpiex shnlsnages and vompnunding Unerisinties st veivt I the currant TCERHD nischanialis dose réspongs
databasg render theve data unsudlabie Tor Uss in deveioning toxddy valles
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support snd contradict
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{low duse efects that
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sty

tncansistendies likely
explained by
heterogeneous studies
and study design
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Nearly holf of the
mechanistiz
experime

wese
conductad in

nanmammai modeds
{mosty chicken sggs,

one zebrafish, and the

“route” of exposure in
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studies (ex viva whole

embye) were not

sie o hman

Elements of iaprecisicn
arz accounted for in
Ca study quatity
et ics (group sice,
ates, Stats)

e e e e e
¥ N/A

N off hserved in
Af% orsl studies

Not relevant 10 animal
studies
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Semomtrating TE-CRD
ioke: it s tikely
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/EROSUTS & not
assoclated with
sigrificant increase in
fatal CHI.
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Conclusions and Confidence By Stream

Mechanistic Data
{Urban et al., submitted)

Human Dala Animal Data
{Wikoff et al., 2018} {Wikoff et al., 2018)
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Systematic evaluation of human, animal, and mechanistic streams resulls in the
conclusion that the overall body of evidence does not support an association betwesn
TCE exposure in uters and development of CHDs in humans

CHDs are notf a suftable sndpoint for TCE risk assessment
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Questions
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Army Public Health Center (APHC) was
tasked with reviewing the TCE non-cancer
toxicology and epidemioclogy literature, to
develop an cccupational exposure limit
{OEL) protective of DoD workers

Apnclied systemalic review methodology
o guide assessment and decision-
THEERING OOsss

AFHC developsd a ool using slements
of other guality asssssment osls feg.,
OHAT RoB, ToxRTool, Bradiord
oriferial 1o rale the "applcabiliny” of
sach study (study quaily + relevancs)
Resulled in quaniitlative welgh-of-
avidence {Wok) sooring sysiem lailored
o it the purpose and neads of APHOD s
chargs
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*  The APHC systematic review included review
of developmental endpoints, of which CHDs
reported by Johnson et al. (2003) were
considered

+  APHC summarized several limitations of the
Johnson et al. (2003) findings, including
additional flaws not previously reported (e.g.,
dose-response errors, poor BMD fitting)

*  They noted that subsequent correspondence
and errata (Johnson et al., 2004; 2005; 2014)
failed to correct or clarify critical underlying

errors
Conclusion | Thesumsived iflosove of thess devialions frony actupled sdigntitia rsthodsand Btk of
. corrboralion with other developmental stugivs spavitically vig inhnlation sottes of expostee,
regarding providea sabsianiia bagie foc the conclusion thet TCE inhalationexposuies are anlikely 1o
TOE.CHD: Galuse feln cardisa valicaviation i ipvang s Therdiore data preseniad e this Bludy vwas
: xoludedd irom e quantiaive analysiv.

f Fotat Gardh Hezufting fremt 1C&

Spaeattix €
Expossice
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Overall, the NAS was supportive of the DoD'’s risk assessment conclusions despite making numerous
recommendations to refine or improve the systematic review process

» NAS report echoesd many of the written and oral comments submitled by Tox8trategies
- Apply study gualily criteria o epidemiclogy t
- Apply study gualily tood 1o Johneen et gl €2
- Inchuds and assess machanistis studiss in s

- Note: ToxStrategies assessmenis address these criliques

« Shorteornings in the NAS report:
- Recorymandabons hal nsk of bias be separated |
report by the NAS, as w
~ Oritigus of Dol study g
consistent with oriterda b
racegnive elements othe

yis inconsistent both within the

¥ srnployed by

Hernal va
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Questions
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Fxira Shides
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